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Abstract. With Run II of the LHC having started, the need for high precision theory
predictions whose uncertainty matches that of the data to be taken necessitated a range of
new developments in Monte-Carlo Event Generators. This talk will give an overview of
the progress in recent years in the field and what can and cannot be expected from these
newly written tools.
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1 Introduction
Modern Monte-Carlo Event Generators like PYTHIA8 [1], HERWIG++ [2, 3] and SHERPA [4] are instru-
mental in most physics analyses and measurements at the LHC. The current state-of-the art in usage
at the experiments are either next-to-leading order to parton shower matched calculations (NLOPS)
or multijet merged ones at leading order accuracy. Examples for their widespread use are shown
in Fig. 1. In many instances the PYTHIA8 and HERWIG++ generators (or their older predecessors)
receive input from parton level tools computing the hard core production matrix elements either at
NLO for processes with few final state particles (e.g. MADGRAPH5_AMC@NLO [5] or POWHEGBOX
[6]), or at LO for multileg processes (e.g. ALPGEN [7] or MADGRAPH5_AMC@NLO). The following
contribution highlights a few important improvements thereupon effected in recent years.
2 Parton shower developments
The first avenue improvements in event generators have been accomplished in recent years are parton
showers. Being instrumental for the description of many relevant observables parton showers are a
main ingredient of all event generator frameworks and thus their continuing advancement is crucial to
a better description of collider observables.
On the one hand side subleading colour information has been propagated into the algorithms
otherwise operating in the leading colour limit. In the first such advancement it was a pure necessity
to achieve a process independent NLO matching and was consequently only introduced in the first
emission [10]. Later implementations trace subleading colour information in different limits through
multiple, if not all, emissions of the parton shower evolution [11, 12]. Generally, the impact of such
improvements is small, as shown in Fig. 2 (left), although also highly sensitive observables exist [13].
Other works build around gaining a higher degree of analytical control over the parton showers’
resummation properties [14]. Through the accompanying scrutiny also their predictive power and
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Figure 1. Left: Transverse momentum of the reconstructed Z boson in the central and the forward region, as
measured by the ATLAS detector. Figure taken from [8]. Right: Transverse momentum of the leading jet in Z
boson production in association with jets, as measured by the ATLAS detector. Figure taken from [9].
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Figure 2. Left: Subleading colour effects in parton shower evolution in thrust in e+e−-collisions at LEP. Figure
taken from [11]. Right: Thrust in e+e−-collisions at LEP as calculated by a new dipole shower implementation
DIRE. Figure taken from [14].
ability to describe data has been improved. Fig. 2 (right) details the results of the newly written DIRE
parton shower as compared to ALEPH data.
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Figure 3. Left: Interplay of QCD evolution on top of W production and EW evolution on top of jet production in
describing W plus mulitjet production. Figure taken from [15]. Right: Effects of adding EW evolution on subjet
invariant masses. Figure taken from [16].
The third stream of development centres around incorporating electroweak effects into parton
showers [15–17]. The emission of W and Z bosons, although rare, can be an important ingredi-
ent, especially in the highly boosted regime. Fig. 3 such effects for various observables. Such soft-
collinear approximations to higher-order electroweak corrections complement the approximate NLO
electroweak corrections of [18] and the recently achieved automation of NLO electroweak corrections
[19–21].
3 NLOPS matching
Known under the names of MC@NLO [22] and POWHEG [23, 24], methods for matching NLO compu-
tations to parton showers are around for over ten years now. Recent years have seen small theoretical
improvements on both schemes that lead to their application to a wider range of processes [10, 25–27]
with a more complicated internal structure. The range of showers the respective matching schemes
are available for has increased likewise [2, 3, 28, 29]. An systematically different matching method,
UNLOPS, was developed in [30].
Similarly, CKKW [33] method of scale setting and Sudakov factor inclusion has been elevated
to be applicable to NLO QCD computations in [34], leading to an improvement of NLOPS matched
computations incorporating jets in the final state already at Born level. In colour singlet production in
association with one additional jet the inclusion of a proper process dependent finite term can restore
NLO accuracy for inclusive singlet production as well [35]. This formed the basis for the development
of a NNLOPS matching method for colour singlet production [31, 36]. An exemplary result is shown in
Fig. 4 (left). Another NNLOPS matching scheme basing basing on MC@NLO and UNLOPS matching
was developed for the same process class in [32, 37]. Fig. 4 (right) details the results for this scheme
named UN2LOPS.
4 Multijet merging
Multijet merging aims at consistently combining calculations for the production of a certain experi-
mental signature, like lepton pairs, Higgs bosons or top quark pairs, in association with any number
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Figure 4. Left: Transverse momentum of the Higgs boson described at NNLOPS in the MiNLO approach.
Figure taken from [31]. Right: Transverse momentum of the Higgs boson described at NNLOPS in the UN2LOPS
approach. Figure taken from [32].
of jets. As many observables do not clearly separate between different jet multiplicities but instead
receive substantial contributions by e.g. one, two and three jet final states, such multijet merging
schemes are the best way to calculate these observables with the highest accuracies.
At the NLO, this was pioneered in [40]. Modern implementations for hadron colliders first ap-
peared as MEPS@NLO [41–43] and were applied to a wide range of processes [13, 39, 44–47]. Other
implementations using other methods to calculated the matched processes for each jet multiplicity
have been established in [38] and [30]. Fig. 5 details results of all three mentioned methods.
5 Conclusions
Monte-Carlo Event Generators are in good shape for Run II of the LHC. Tremendous progress in terms
of the achieved accuracy in calculating the hard scattering process has been achieved. They can thus
be used as for precise theoretical predictions including an evaluation of the theoretical uncertainty.
Developments for the non-perturbative component of high-energy collisions, however, remain sparse.
In that regime, playing a role in every hadron collider event, still phenomenologically motivated
models with a large number of to-be-tuned parameters are instrumental in all generators. Thus, for
precision calculations one should still try to minimise the influence of that regime on the considered
observables.
MS acknowledges funding by the Swiss National Science Foundation (SNF) under contract
PP00P2-128552.
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